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The traditional hypermedia learning systems (HLS) provide 
learners with a non-linear navigation of learning content. 
However, it does not benefit all students as planning for 
navigation path may cause disorientation. This paper proposes 
an approach named Skill-Challenge Balancing (SCB) that 
provides adaptive navigation support for learners to learn within 
HLS.  SCB is designed following the flow theory; a sound 
psychological theory for describing cognitive engagement in 
daily life activities. The navigation support is expected to 
improve learners’ engagement in learning within this 
environment. The approach was demonstrated in a hypermedia 
learning system for learning Java programming. An experimental 
study following within-subject design was conducted on 52 
students from a higher learning institution in Malaysia to 
evaluate the effectiveness of SCB approach in improving 
learners’ engagement within HLS. The results of this study 
suggested that SCB improved learners’ engagement within the 
learning environment.  
Categories and Subject Descriptors 
H.3.4 [System and Software Performance Evaluation]: 
Efficiency and Effectiveness. 
General Terms 
Measurement, Design, Experimentation, Theory. 
Keywords 
hypermedia learning, adaptive learning, individual difference, 
flow theory, engagement, skill-challenge balancing 
1. INTRODUCTION 
Advancement in computing technology provides an alternative 
approach for teaching and learning. Nowadays, instructors and 
teachers can make their learning contents available through the 
Internet. They are accessible at anywhere and anytime, which 
give more flexibility to learners compared to the traditional 
approach. Learner-centred is another important feature of this 
learning environment. This paradigm of teaching and learning is 
defined as an online [1-2] or web-based learning [4] 
environment. In general, learning content that has been uploaded 
in a web server, runs on HyperText Transfer Protocol (http) and 
accessible through web-browsers is classified as web-based 
learning (WBL).  
Blogs and websites are two examples of static web-based l 
earning systems in which all learners receive the same content 
with a non-linear navigation style. Unlike the static systems, 
adaptive web-based learning systems aim at providing learners 
with personalized content that fulfil their individual needs. 
These types of learning systems consider and manipulate 
students learning parameters to provide the most effective 
content for individual student [2]. Adaptive WBL can be 
designed in two directives, tutor-centred (e.g. Intelligent 
Tutoring Systems) or student-centred (Adaptive Hypermedia 
Learning Systems) styles [8]. This paper focuses on adaptive 
HLS for adult learners to learn independently. 
Independent learning within a hypermedia environment is a 
challenging activity for learners. This is due to the reason that  
they are individually different in terms of prior knowledge, 
motivation, personality, and preferences [11]. For that reason, 
learners need a learning system that acts differently and adapt to 
their individual differences. This can be achieved through the 
use of adaptive hypermedia learning systems. Adaptive HLS 
utilize learner (or student) and domain models to identify the 
appropriate content to be presented to learners and the way on 
how they are presented to them [1]. One of the common 
approaches in adaptive HLS is content sequencing [2, 10]. The 
implementation of an appropriate sequencing technique is likely 
to foster meaningful learning so that learners can actively engage 
in any given activity [5]. 
There are many sequencing techniques were found in the 
literature, such as simple sequencing [1]. All of these techniques 
produced rules and algorithms for sequencing learning materials 
in adaptive HLS and act as the main adaptation approach to 
satisfy learners’ differences and needs. The adaptation 
techniques are embedded or incorporated in the learner model of 
adaptive HLS. Apart of sequencing technique, user interface 
components and design that represent and visualize the 
techniques also play important roles in learning. One of user 
interface components is navigation support, which has been the 
focus of the research reported herein. Navigation support may be 
performed by learner model or the user interface model. In this 
paper, we propose a design for navigation support as a 
complement to content sequencing technique for adaptive HLS. 
It is based on flow theory [3]; a psychological theory to 
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understand cognitive engagement in performing daily activities. 
This design of navigation support is intended to improve 
learners’ engagement while interacting with adaptive HLS. The 
next section describes Skill-Challenge Balancing (SCB) 
approach. Next, Section 3 explains an experimental study to 
evaluate the effectiveness of the proposed navigation design. 
The results of this evaluation are presented in Section 4. The last 
section provides discussions and recommendation for future 
works. 
2. THE DESIGN FOR NAVIGATION 
SUPPORT IN HLS 
In this paper, we propose an approach for navigation support 
based on the flow theory namely SCB. It aims to improve 
interactions between learners and HLS; designed based on one of 
the flow theory’s assumptions [3]. In performing a particular 
learning activity, the flow theory suggests that engagement is 
achieved when the given level of challenge is equal to the 
individuals’ levels of skill. It is also important to note that 
individual levels of skill are progressing over time and similarly 
for the level of the given challenges. 
A generic adaptive HLS usually contains two important 
components; a leaner model and a domain model . The learner 
model stores all information and knowledge about individual 
learners including their background, preferences, and behavioural 
actions such as navigation pattern. The second component is the 
domain model where it keeps all necessary learning objects and 
items about the course or field of study. Domain model could be a 
reusable components or module taken from existing learning 
systems. Adaptation model is another important component of 
adaptive HLS where this model provides adaptation rules that 
integrate the roles of the domain model and the learner model are 
combined to perform adaptive navigation support . User interface 
module is an optional component that provides adaptive guidance 
through the sequence of learning content and activities. The 
domain model presents the learning content to learners through a 
set or a network of concepts in interconnected hypermedia pages. 
The hypermedia pages are managed by the user interface 
component that becomes the point where learners interact with 
HLS. The knowledge that learners have before, during and after a 
learning session is gathered through assessment questions such as 
quizzes and tests  that will be stored in the learner model. In 
general, sequencing learning content and posing assessment 
questions to learners are the two roles of adaptive HLS, which has 
been replicated in this research. 
SCB approach is implemented by adjusting the user interface 
module of HLS. The main concept in SCB technique is to provide 
flexibility to learners through self adjustment of the given level of 
challenge. Instead of a non-linear navigation, this approach 
provides adaptive navigation that helps learners to learn more 
flexibly than traditional HLS. In the context of the hypermedia 
learning, the levels of challenge are characterised by the 
increasing level of difficulty of the learning content. In order to 
keep learners engage, the given challenge must be always 
comparable to the learners’ current knowledge. In other words, 
learners’ current levels of knowledge (or skill) must be able to 
cope with the given levels of challenge. As described earlier, the 
inequality in the levels of challenge and skill is the source of 
boredom and anxiety in learning. The fundamental idea of SCB 
approach is to allow learners to have self-evaluation of their 
individual levels of knowledge throughout the hypermedia 
learning session (i.e., self-determination theory). Learners are 
given an opportunity to measure whether a particular learning 
item is easy or difficult for them. In addition, learners can choose 
to move forward to a higher level of difficulty of the learning item 
if they found it easy. On the other hand, they can move backwards 
to a lower level of difficulty of the learning item if the learners 
discover that the learning item is difficult. In this sense, SCB 
approach improves HLS by allowing learners to self-adjust the 
individual learning path through self-assessment of their 
knowledge about the course. To implement the self-assessment 
capability, SCB employs “flow buttons” as a user interface 
component of hypermedia systems. It has two categories; an 
“anxiety” button that appears in tutorial questions and a 
“boredom” button that is available in section of explanation about 
concepts.  
The rationale of putting the “flow buttons” in the different 
sections of HLS is to promote self-directed learning. When 
learners do not know the answer of a particular tutorial question, 
the “anxiety” button helps learners to browse the learning item 
associated with the question. Learners may also find that the 
learning item has been learned before while browsing the 
explanation or the concept and may want to proceed to the next 
stage. In this case, the “boredom” button allows learners to move 
forward to a tutorial question with a higher level of complexity. 
The “flow buttons” in SCB approach are designed to prevent 
boredom and anxiety when learners use the hypermedia systems 
for learning. The functions of the “flow buttons” are described 
below:  
(i) The anxiety button - A button for learners with low skill 
(knowledge). The button appears with the tutorial questions. 
If learners are not sure or have no idea of the answer for a 
tutorial question, they can click the button for reviewing the 
contents relevant to the particular question. It is to help to 
avoid anxiety, thus keeping learner engage. 
(ii) The boredom button - A button for learners with high skill 
(knowledge). The button appears with learning contents. If 
learners feel that the content is easy for them, they can click 
the button to proceed to the next tutorial question. It is to 
avoid boredom, hence keeping learners in flow. 
The learners’ self-assessment of their own level of skills provides 
information to the hypermedia systems so that an appropriate 
challenge could be given to them. For example, when the 
“anxiety” button is pressed, the system will give a lower level of 
challenge to the learners, so that anxiety may be avoided. On the 
other hand, when a “boredom” button is pressed, the system will 
increase the difficulty level of the tutorial to avoid boredom. 
Figure 1 shows the illustration how the flow buttons are 
incorporated in the HLS user interface module. 
User Interface of Hypermedia Learning System (HLS) 





Figure 1. Flow buttons in HLS user interface. 
3. EVALUATION 
3.1 Method 
An experimental study using within-subject design or repeated 
measures was conducted where the participants were given a 
chance to use two versions of a HLS named LearnJava (this will 
be described further in Section 3.3). The two versions of HLS 
were embedded with SCB and an ordinary HLS (i.e., referred to 
as non-SCB) respectively. The aim of the experimental study was 
to measure whether the SCB technique can improve learners’ 
engagement when they learn and interact with the HLS. The 
dependent variable for this experiment is learners’ engagement 
and the independent variable is the learning systems with and 
without the proposed approach. Specifically, the research 
hypothesized that “Learners’ engagement level is improved using 
LearnJava with SCB”. 
3.2 Participants 
A total of 52 students from a higher learning institution in 
Malaysia participated in this study. From this number, 25 
students were male and 27 students were female. All students 
successfully completed the given tasks. These data were used to 
measure (i) learners’ engagement, and (ii) SCB buttons usage. 
The participants were required to use both systems, namely 
LearnJava with SCB and LearnJava without SCB. The 
participants were invited through internal mailing list of the 
school. The participants were contacted via email or phone calls.  
3.3 Apparatus 
The apparatus used for this experiment consisted of two main 
components (i) two HLS; namely the LearnJava with SCB and 
LearnJava without SCB, and (ii) a questionnaire for measuring 
the overall engagement (12 questions). The two types of systems 
were hosted in a web server and available online. They have 
identical user interface components and design except for the 
additional buttons for SCB version. The topic that was selected 
for this experimental study was on Introduction to Java 
programming which covered topics on basic syntax and how to 
write a simple Java program. This topic was equivalent to two 
hours of face-to-face lecture. Figure 2 shows a screenshot of the 
main interface of LearnJava. 
 
Figure 2. The main interface of LearnJava. 
 
 
In measuring learners’ engagement, a questionnaire was adopted 
from Webster et al. [13] and Park et al. [9]. The questionnaire 
measured engagement in four dimensions namely control, focus 
attention, curiosity, and intrinsic interests. A 5-points Likert-
scale (1=strongly disagree and 5=strongly agree) was used in the 
questionnaire. The original questionnaire comprised twelve 
questions.  
Control refers to the situation where a learner feels in control of 
learning activities. In this situation, the student is able to control 
the interaction with LearnJava to remain focus in the learning 
track. In the context of HLS, control is a critical component 
which influences the motivation, performance, and attitude 
toward learning. Self-control in HLS interaction leads to better 
academic achievement [6]. Attention focus refers to a situation 
where a student is absorbed in the given learning activities. It 
actually measures the level of attention given by the students 
during the learning process [12]. This will generate a more 
positive attitude towards learning through exploration 
extensively in the education system. Indirectly, curiosity always 
exists for learners to pursue learning process and achieve 
optimal engagement. A situation where a student feels fun to go 
through the learning process is referred to as intrinsic interest. It 
implies that the learning medium attracted the interest of 
students to encourage them to explore the learning domain. A 
proper design of HLS can stimulate students' interest in learning 
[7]. 
3.4 Procedure 
52 students enrolled in Bachelor of Science in Information 
Technology with Honours, and Master of Science in Information 
Technology respectively participated in this study. This study 
was conducted in September to December 2013. The experiment 
was conducted online at the participants’ convenience and they 
learned at their own pace. Below are the steps for the 
experimental study 
(i) Read the information sheet about the research  
(ii) Sign a consent form before participating in this study 
(iii) Browse system A and learn at participant’s pace 
(iv) Answer the overall engagement questionnaire 
(v) Browse system B and learn at participant’s pace 
(vi) Answer the overall engagement questionnaire 
In this experimental study, the participants interacted with both 
systems. System A and B described above represented SCB and 
non-SCB that were automatically arranged and programmed 
randomly using binary number generator to have a counterbalance 
of the effects of the systems on engagement. 
4. RESULTS  
The data were screened and analysed using statistical software 
IBM SPSS 19. A total of 52 students participated in this 
experiment with 25 males and 27 females. The average age of 
the students was 22.86. All the undergraduate students were in 
their first semester. Meanwhile, for the postgraduate students, 13 
of them were in their first year study, 10 of the students were in 
their second years, and the other 3 students were in their third 
year. More than 80% of the participants were non-English 
speakers. All of the students had more than three years of 
experience in using computers and had used the Internet as a 
medium for learning. The undergraduate students did not have 
any working experience compared to the postgraduate.  
 




















































































As mentioned earlier, engagement was measured in four 
dimensions, namely: (i) control, (ii) focus attention, (iii) 
curiosity, and (iv) intrinsic interest. The Cronbach’s Alpha 
Coefficient for the items was 0.816 indicating that the data were 
internally consistent. A series of Wilcoxon Sign Rank Tests 
were performed to understand whether LearnJava with SCB was 
effective to increase learners’ engagement compared to its’ 
counterpart.  Table 1 shows the results of the tests. 
The overall engagement was much higher in LearnJava with 
SCB (mean = 3.89) compared to LearnJava without SCB (mean 
= 2.90). Further, curiosity received the highest ratings, while 
control received the lowest ratings.  On the other hand, attention 
focus, received the lowest rating in non-SCB. Both SCB and 
non-SCB received the highest ratings for curiosity. 
In terms of control, attention focus, and intrinsic interest, 
learners with non-SCB rated much lower scores than SCB. 
Generally, it can be said that the learners’ engagement in 
LearnJava with SCB was better than non-SCB. The Wilxocon 
Sign Rank tests confirmed that engagement was significantly 
difference in both types of system.  
Further, the "flow buttons" usage was analysed. The analysis 
shows that 90.38% of the learners used the "flow buttons", 
which consists of "anxiety" and "boredom" buttons. From the 
total, eighteen of the students were postgraduate and twenty-six 
were undergraduate students. Two postgraduate students only 
used "boredom" button, a postgraduate learner used "anxiety 
button” during the learning process, and five postgraduate 
learners did not use "flow buttons" at all during their learning 
process. The analysis suggested that "flow buttons" were used 
more frequent by the undergraduate learners compared to the 
postgraduate students.  
5. FUTURE WORKS 
The use of advanced technology for teaching and learning has 
changed the traditional paradigm especially at higher learning 
institutions [14]. As learning is a complex process; an adaptive 
environment is needed to ensure learners are engaged in learning 
to obtain the expected outcomes. Hence, this research 
investigated the effects of SCB on improving learner’s 
engagement in HLS.  
The study on engagement and SCB approach can be further 
extended to include variety levels of learner's background. We 
aim to repeat the study among learners from other programs. 
Besides, the domain of the learning was limited to learn Java 
programming. The approach could be used and implemented in 
other domains of learning. 
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